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ABSTRACT

Rivers As International Borders: A Comparison of How Social-Political Factors Have
Impacted Natural Resources in the Usumacinta River Basin and Rio Grande River Basin
Within the Context of Climate Change
(May 2022)
Anna A. Flores, B.S. in Biology
Graduate Thesis Co-chairs: Dr. Joseph Simpson and Dr. Walter Den, Committee
member: Dr. Jennifer Correa

Along transboundary river borders in North and Central America social-political
factors such as conservation, militarization, and migration impact natural resources
leaving the United States, Mexico, and Guatemala at risk of ecological decline due to the
changing climate. I present a qualitative case study comparing the social-political factors
and their impact on natural resources in the Usumacinta River Basin (URB) and Rio
Grande River Basin (RGRB). A comprehensive evaluation of social-political factors is
performed starting from the 19th century to the current era. I contribute to the field of
environmental sociology by extending Laako and Kauffer’s (2022) work on eco-frontiers
of the URB into the RGRB. This sets the stage for comparison of how conservation,
militarization, and migration have contributed to impacts on natural resources within both
basins. This comparison reveals that impacts on natural resources increases migration
rates, leading to increases in border militarization and diminishment of conservation
efforts.
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DEDICATION

When I travel south to return to my hometown, I am consistently amazed with its
transformation. This sentiment is shared by many friends and family who left our border
town after high school and return only to visit the loved ones who still call it home. Our
reaction is not only attributed to the retail stores and restaurants we are envious to see
available to the youth of today, but also at the increase in border policing and overall
transformation of the international divide. The population of Eagle Pass, Texas is
displayed on a sign as you enter the city, claiming the census is at 29,684 - I can only
imagine the thousands of residents who are not included in this number. Since I left for
college in 2007, I have seen the border transform from two sister cities separated by a
body of water into the bridge of today: one that is heavily guarded, dangerous, cartelinfluenced, and physically separated by a large, unappealing, and invasive wall.
During one of my recent visits home, I discussed my thesis topic with my mother
and Tio Lalo, who served for decades as a U.S. Border Patrol and Customs agent along
the Rio Grande River Basin and experienced traveling to Latin America with the agency
to fight the “War on Drugs”. While discussing my focus on impacts resulting from socialpolitical factors, both immediately recalled the period when increases in congenital birth
defects were being recognized along the Texas-Mexico border. Clusters of infants born
with fatal neural tube defects including spina bifida, anencephaly, and spinal cord
affliction were seen throughout the region during the early 1990’s, especially in the
Lower Rio Grande Valley. Environmentalist and local health officials blamed the badly
polluted river, contaminated from factories (maquiladoras) operating along the border,
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and heavy pesticide and insecticide use that is typically seen in this agricultural hot spot.
As these communities are predominantly Hispanic with many living below the poverty
line, environmental justice issues have been prevalent in the area for centuries, many
with tragic results. Memories from my youth include the many trips my family and I took
across the border to eat and shop, visit family, attend doctor’s appointments, and even
benefit from inexpensive grooming services for our pets. As an adult and scientist, I have
grown to appreciate the beauty and complexity of the border’s biodiversity and
topography. I have kayaked the Rio Grande River while visiting Big Bend National Park,
and after taking courses in this master’s program, recognize the multiple factors
influencing the rivers low water quality and understand the corresponding environmental
implications of an expanding militarized border.
Border town communities along Mexico’s north and southern border are filled
with kind people who are passionate about their culture and traditions instilled in them
from past generations. Many of those indigenous to the area have suffered at the expense
of social and political gain, including both the flora and fauna native to the region. This
thesis pays tribute to the ancestors of these borderlands, the environment that provided
for them, and the preservation of the beauty that remains along the basins of the
Usumacinta and Rio Grande Rivers.
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CHAPTER I: INTRODUCTION

1.1 RIVERS AS BORDERS
As rivers meander along their course, its flow changes from torrential and
powerful rapids to slow, peaceful streams until arriving at its destination. Along its
journey, this precious resource will follow the path of riverbeds that have been
established for centuries, and others that are man-made to supply communities with
access to freshwater. The path of these freshwater bodies today can make their way
through state and country lines, and at times defining the boundaries between them.
Environmental features have served as boundary lines by state officials for years, varying
from mountain ranges, coastlines, forests, deserts, and rivers (Thomas, 2021). Natural
boundaries assist in the separation of territories and populations of humans and animals
alike. Scholarly research focused on borderlands typically includes evaluation of their
physical functionality and how they benefit the region politically and economically
(Schultz, 2015). This research often does not involve analysis from a socioenvironmental standpoint, looking at how communities and society have influenced
border development, and to what extent. This is a critical area of study as transboundary
river borders are established world-wide. At an approximate length of 58,588 km, riverborders account for approximately 23% of all interior national borders (Popelka and
Smith, 2020). The purpose of this thesis is to evaluate how social and political factors
have impacted natural resources along two river basins, The Usumacinta River Basin
(URB) and Rio Grande River Basin (RGRB). The URB and RGRB have vast physical
and historical differences but have both undergone a physical transformation since their
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border boundaries were first established. This qualitative case study will explore select
social-political factors which have negatively affected the natural resources of the URB
and RGRB and determine the repercussions of these impacts within the context of
climate change. This first chapter introduces river borders as a concept and discusses the
meaning of social-political factors as it pertains to this thesis. As climate change plays a
major role in determining the extent of these impact’s, the theory behind it and it’s
influence on the environment will be reviewed. The frontier dynamics of the URB and
RGRB have been established for decades, and review of their history shares insight into
the origin of the environmental, social, and political battles seen along each border today.
Rivers have served as a chosen boundary line throughout the history of humanity
for many reasons. One includes perhaps the most valuable aspect of a river; its ability to
provide freshwater and sustain life. Rivers were one of the only ways to access
freshwater prior to the development of potable water systems most are fortunate to have
access to today. Living near a river for early settlers meant having access to healthy soil
to support crops, and a means of transportation of goods for trade. There was a time when
communities cared for the health and vitality of the surrounding environment just as
much as they would for their own kin. They saw the environment as something that is not
only valuable, but vulnerable. In the book “River of Lost Souls”, Thompson describes the
healing of land that was critical to the traditions and ways of living for indigenous
communities. They would follow a multi-generational migratory path which consisted of
a “movement, rest and renewal” theme to minimize their environmental footprint
(Thompson, 2018). This practice has been lost as populations across borderlands have
rapidly increased, and the available natural resources are seen as a commodity to be taken
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as needed. Transboundary rivers would not exist without the boundary lines established
by federal officials, in many cases, making the river the infrastructure forming the border.
Despite this, governance of these rivers and other forms of borderland infrastructure are
rarely evaluated collectively. Scholars have evaluated the notion of international rivers
and state borders as a distinct phenomenon, rethinking international borders as
synergistic, multi-faceted, and ongoing interactions between rivers and borders (Thomas,
2021). Thomas (2021) discusses the river-border complex and mentions how this theory
captures one expression of the hydro-social cycle in which water and society make and
remake each other over space and time. She details how both water flows and non-water
flows along international rivers are as bound to borders and bordering processes
(including customs, policing, and surveillance) as they are to the channels to which they
are formed. Just as border walls and fences that are constructed from metal, wood, or
cement are just materials until social and political practices establish them as a boundary
line.
Aside from the availability of resources along river borders, early settlers chose
transboundary rivers as boundary lines due to their expansive structure serving as a
protective obstacle, and physical representation of power. In Donaldson’s article, he
discusses the history of rivers acting as boundaries between political groups throughout
Europe for their defensive capabilities. He discusses how the roman empire used the
Rhine and Danube River as boundaries between “civilized” communities and the
barbarian tribes of present-day Germany (Donaldson, 2009). Thomas also covers the
history of rivers being used as a protective and distinct boundary between civilizations:
“Due to their inherent linearity, perceived impassibility, and the fact that they physically
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incise the divided landscape…rivers have long been used as a natural and supposedly
egalitarian territorial delimiter between nations” (Thomas, 2021). From Indigenous tribes
to Neo-Assyrians and 18th century France, Thomas provides numerous examples of rivers
being used as political borders and a physical representation of how untouchable they
believed to be. The historical past of river border communities has led to the political
transboundary river basins that we see today: physically formed boundary lines, dividing
populations filled with the culture of traditions passed on over generations, and an
environment at risk from collective exploitation after years of urbanization and
expansion.
Central America is a continent with various transboundary river basins
accounting for 37% of the land area (Castillo et al., 2021). This portion of Latin America
includes one of the richest hydrological regions worldwide, containing some of the
largest river systems ever seen. The Usumacinta River became the international border
between Mexico and Guatemala in 1882 as political heads from each country became
interested in the potential economic gain from the timber in the undisturbed lands. The
URB extends from the mountainous highlands of Guatemala, into three Mexican States
before emptying into the Gulf of Mexico. Consisting of a total area of 73,200 km2, the
URB is the most extensive transboundary basin between Guatemala, Belize, and Mexico
(Laako and Kauffer, 2022). Laako and Kauffer note the following characteristics of the
URB as noted by Conservation International: 1) Contains the largest extension of humid
tropical rainforests in North and Central America; 2) Includes diverse wildlife
populations; 3) Has historical and archeological heritage of the Mayan culture; 4)
Contributes significant ecosystem services from the waters and nutrients that feed the
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regions wetlands. With the upper section of the URB lying primarily in Guatemala
(58%), the lower portion flows through Mexico, leaving them to face the accumulated
impacts of the hydrological network and related transformations occurring along its
course (Salinas-Rodriguez et al., 2021).

Figure 1
Map of the URB and RGRB

Note. This Map shows the locations of the Rio Grande River and basin (RGRB), and the
Usumacinta River and basin (URB). Modified source: GWP, 2016.

Within North America is a 3,200 km border between the United States and
Mexico along one of the continent’s most biologically diverse regions (Peters, et al.,
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2018). Alongside these borderlands emerge different ecoregions including wetlands
(freshwater and saltwater marshes), deserts, grasslands, woodlands, and forests.
Discussing the history of the United States and Mexico border cannot be done without
including the development of policing and hydrological activities, equally resulting in the
manipulation and control of water resources and people. Alvarez discusses many of these
aspects in the book “Border Land, Border Water”, analyzing how these characteristics
have manifested over time along the Rio Grande River. The text follow changes in the
river as it becomes dammed, channelized, and straightened, concurrently evaluating
border building with respect to policing. As time passes, the impacts on natural resources
caused by social-political factors are increasing in severity. Understanding the
development that has occurred throughout the history of the URB and RGRB since each
border’s establishment provides insight into the environmental, social and political
troubles experienced by each basin today.
1.2 SOCIAL AND POLITICAL FACTORS
As rivers flow along the course of least resistance, they can be lead entering
territories under separate governance, and at times forming the established border
boundary between cities, states, and nations. The history of bordering nations cannot be
told without including their ever-transforming social relationships, socio-cultural origins,
and increasing political involvement motivated by control. The 20th Century brought a
surge of urbanization along Mexico’s north and southern border following increases in
agricultural and industrial development. Populations along these borderlands grew
rapidly resulting in the need for governance and management of water, border security,
crops, and trade. The ever-changing territory that exists among these borderlands has
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resulted in environmental appropriation and degradation, which is concerning due to how
biologically diverse these river borders are known to be. Social-political factors have
formed the frontier dynamics of each region, which are the forces along each border that
contribute to its growth, development, and change. Examples of these factors include
water management practices, agricultural development, industrialization, militarization,
and urbanization. The social-political factors which have formed the borderlands of the
URB and RGRB have resulted in exploitation of the environment and its natural
resources. Liu et al. (2020: pp. 679) addresses the importance of transboundary frontier
biodiversity conservation, stating they “support exceptional levels of species endemism
and play important roles in ensuring ecological connectivity by allowing the movement
of wildlife populations”. In a response to rapid development, large and invasive
infrastructure and other harmful frontier components, ecological frontiers (eco-frontiers)
have emerged to protect regions at an elevated risk of environmental appropriation.
Despite conservation efforts, the transboundary river borders of the URB and RGRB
continue to be altered and impacted by the advances of society, and by those responsible
for securing the border.
As the frontiers along the RGRB and URB began to increase in population and
agricultural development, expansion in militarization became a priority. Development of
border policing infrastructure along the Rio Grande River has expanded throughout the
region since the U.S. Border Patrol was created in 1924. The first type of border security
construction in the 1930’s included watchtowers to give patrollers a more effective visual
of the land and its inhabitants. By 1951, border security officials had collaborated closely
with the International Boundary and Water Commission (IBWC) for the design and
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placement of the Western Land Boundary Fence Project (Alvarez, 2021). What started
off as 237 miles of fencing to protect citizens from animals causing disease has resulted
in more than 600 miles of a “wall” meant to keep unwanted citizens out. Along the URB,
military activity has been the largest culprit behind the degradation of natural resources.
In an article by Carmen Gonzalez, she discusses the great influence the U.S. has had on
Guatemala’s turbulent military presence (Gonzalez, 2020). Treadmill of Destruction
theory identifies the military, including border policing, as one of the top contributors to
environmental destruction (Hooks and Smith, 2004). The evolution of this theory began
with sociologist evaluating the Treadmill of Production, a theory looking at the
environmental destruction that comes along with growth of the political economy. The
founder of the theory, Allan Schnaiberg, argued that capital, labor, and the state function
as one to grow together against social-welfare policies and environmental protection as a
way to ensure profit, jobs, and tax revenue is maintained (Schnaiberg, 1980; Alvarez,
2016). When looking at borderlands, the environmental damage that results from
militarization is highly concentrated and of little concern to government officials
(Simpson and Correa, 2020).
The focus of these borderlands, especially from the media’s perspective, is
maintained primarily on the political and economic climate of the region, often
underestimating the impact of development on the environment, or the intersecting river.
Initially, bordering nations were able to liberalize their water resources with little impact
to neighboring nations or reserves. Eventually, treaties and agreements were developed to
allocate water resources accordingly, and the need for water infrastructure to better
control this resource emerged. Some form of hydrological infrastructure development is
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seen along most transboundary river borders whether used for storage and navigation, or
hydroelectric power and irrigation. Though Mexico’s southern bordering nation is home
to several river systems, challenges involving the allocation of water sources still exist.
These issues include unequal distribution of water among the population, threats to water
quality and quantity, and poor development of irrigation and hydropower infrastructure
(Castillo et al., 2021). The prevalence of drought has impacted accessibility of clean
freshwater in Guatemala, resulting in a spread of waterborne illnesses throughout the
country. The gap in access to sanitation services affects rural and Indigenous
communities, who comprise of 40% of Guatemala’s total population (Miller and
Sweigart, 2019). Hydrological development along the U.S. – Mexico border contrasts
drastically from the URB as manipulation of the river started early in the border’s history.
The development of hydrological infrastructure in the late 1800’s along the RGRB
provided the dry, arid region with access to freshwater. Many of the modifications made
to the Rio Grande including straightening and rerouting of the river was done for
different reason, some of which included benefits to border policing. The Rio Grande
River of today is one with a disappearing water supply that has the potential to worsen
due to climate change and the reduced rainfall seen in the region. Rivers across
transboundary borders have been altered for social and political advancement for
centuries. Development of mitigations for the historical impact to natural resources are
crucial to the environmental health of each region especially as the climate is becoming
increasingly unpredictable.
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1.3 CLIMATE CHANGE
Frontier dynamics of the URB and RGRB have undeniably resulted in
environmental degradation within each region. The impacts of increased militarization
and over all expansion in urbanization and agricultural development have resulted in
compromised natural resources and stressed ecosystems. These physical pressures on the
environment are simpler to conceptualize as they are readily visible (Ex. land alterations
for border security infrastructure). Evaluation of anthropogenic impacts that happen over
time, like climate pressures, are harder to recognize and address, especially when they
also contribute greatly to the development and economic status of a nation. Climate
change is impacting the borderlands of the URB and RGRB by exacerbating impacts
already felt by the environment, its resources, and its inhabitants.
Scholars have studied the influence increased Green-house Gas (GHG)
production has on the climate since the early 1800’s, predicting future climate models
and discussing the many ways these issues would manifest if not controlled
(Ramanathan, V., 1988). The natural process behind the greenhouse effect keeps the
climate on earth at comfortable temperatures capable of supporting life. The re-emmition
of the solar energy that warms the earth’s surface is absorbed by CO2 and water vapor in
the atmosphere, forming a blanket around the earth (Anderson et al., 2016). This balance
of radiation behind surface warming has been disrupted overtime as the burning of fossil
fuels increases the concentration of CO2 in the atmosphere, enhancing the greenhouse
effect. When looking at how each of these countries in the URB and RGRB compares in
terms of emissions, the United States has produced almost 400X the amount of CO2
emissions as Guatemala (Figure 2). Though Guatemala and Mexico have barely
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contributed to the climate crisis in comparison to the U.S., populations from these nations
and the natural resources they depend on for survival are being greatly impacted by
climate change. The implications of climate change are diverse and occur over time,
affecting environmental systems and all its inhabitants. Discussion of how the impacts of
climate change manifest along borderlands includes not only review of climatic events or
impacts to the economy, but also how countries are responding to the changing climate
and their willingness to adapt.

Figure 2
Comparison of Gas and Oil Emissions

Note. Column chart comparing total CO2 emissions from gas and oil production in
Mexico, Guatemala, and the United States from 1960-2020. (Data source: Global Carbon
Project).
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According to high-emission scenario projections from climate models, average
annual temperatures are expected to increase between 2˚F and 6˚F during the mid-century
time frame (around 2041-2070) (Wilder et al., 2013). Implications from climate change
come as both episodic events, such as catastrophic hurricanes and droughts, and as longterm implications, affecting river flow regimes and bird migratory patterns. Sensitive
ecosystems including wetlands, lagoons, and marshes are at risk of severe decline from
hydrological changes including reduction in precipitation, and prolonged periods of
drought. Additional pressures on already stressed water systems are projected to be
brought on by climate change to these borderlands, affecting water quality and quantity.
As populations increase across the URB and RGRB, environmental resources will be in
higher demand, leaving these communities extremely vulnerable to climate change.
Recognition of climate change as a factor influencing displacement and migration rates is
increasing. Climate change is fueling the natural disasters that are leaving populations
with food insecurity, insufficient income, decreased local food production and forced
migration (Fraga, 2020). Guatemala, and Central America in general, are a part of the
second most disaster-prone regions in the world, experiencing seventeen hurricanes per
year and twenty-three category 5 hurricanes from 2000-2019 (OCHA, 2020). Large and
developed nations are responding to increased migration by expanding border security
not only along their border, but within their neighboring countries as well. Without
effective climate change action, issues involving climate-related displacement will
continue unaddressed at the expense of underdeveloped populations.
North and Central America are two continents where one has contributed greatly
to the causes of climate change, and the other is paying the devastating price. In a report
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by the Transnational Institute titled “Global Climate Wall”, they discuss how the world’s
wealthiest nations, including the United States, prioritize border policing over climate
action. The article discusses the climate wall developed by these countries to keep the
consequences of climate change out by first, failing to provide the promised climate
finance to mitigate and adapt to climate change and second, responding to climate-fueled
migration through increased militarized borders and surveillance infrastructure (Miller
and Akkerman, 2021). Many of the countries impacted by the increased prevalence of
natural disasters are developing countries already in compromised economic situations.
The ambiguity of what consist of climate finance creates many of the issues related to
lack of actual climate funding. The authors of the article expand on the questionable
elements included in climate finance, including the fact that 80% of the finance provided
by the richest nation is provided in the form of a loan and not a grant, adding to already
existing debts. The article elaborates on the injustice that exists leaving some of the
world’s most fragile countries to pay the price accrued by developed nations. The socialpolitical factors of the URB and RGRB have impacted the regions natural resources and
those who depend on them for existence. In the age of climate change, these impacts are
changing in severity and have the potential to worsen. Understanding the science behind
climate change is essential in acknowledging what has caused it, and what climate
mitigation and adaptation strategies will be needed around the world.
Understanding the domino effect that results from climate change is complex and
includes multiple factors. Some implications of climate change, including the increased
occurrence of natural disasters, are only felt by those living in the affected region.
Eventual impacts affecting even the wealthiest of nations are to follow, especially with
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the steadily growing population and all that is needed to support it. As expansion and
development continues to accommodate the growing population, biodiversity loss is the
expected result leading to the encroachment of invasive species, decreasing waterretention capacities, and fewer locations that can be used as recreational areas that
sequester excess carbon dioxide in the atmosphere (Wilder et al., 2013). As the
implications of climate change typically build off preexisting conditions, regions of the
world that are subject to fast development and high environmental appropriation are at
high risk. Impacts occurring along river borders are complex as the expression of them
can be seen in one section of a river basin, and then greatly felt in others. Because of this,
it is critical to evaluate the existing impacts to natural resources of the URB and RGRB
caused by social and political factors and acknowledge how they are exacerbated by
climate change.
1.4 OBJECTIVE
The focus of this research is to compare the impacts on natural resources that have
resulted from social-political factors along the URB and RGRB within the context of
climate change. This will be done through historical review of how impacts to land,
water, and wildlife have resulted from the actions of select social-political factors along
these two basins from the 19th century to today. Using a qualitative case study research
approach, anthropogenic influence on declining natural resources of the URB and RGRB
is evaluated encompassing the disciplines of both environmental science and sociology.
Figure three shows the research methodology used for this thesis, diagraming how the
comparison of impacts to natural resource as they relate to conservation responses,
militarization of the borders, and migration in the age of climate change will be
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performed for the two basins. The international borders found within the URB ad RGRB
contribute greatly to the social-political factors that control the environmental success of
these riparian basins. Studying impacts to natural resources as they relate to migration,
militarization, and conservation responses along these two river borders is critical as they
are at risk of further decline due to climate change.
The portion of the diagram in figure three that stems into “conservation
responses” has been bolded as evaluation of this topic is the most critical component of
this thesis. Recollection of the impacts endured by the natural resources of the URB and
RGRB since the 19th century is performed through review of conservation efforts that
emerged in response to them. The development and success of conservation responses

Figure 3
Research Model
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along both basins is heavily attributed to the social-political factors that control each
region, including militarism and migration. The eco-frontier paradigm is a relatively new
concept, and the research within this thesis contributes to this research literature by
establishing the generations of eco-frontiers along the RGRB.
My theoretical framework incorporates each social-political factor, utilizing each
theory to support the hypothesis that each factor contributes to impacts on natural
resource in both basins. The lines and arrows in figure three reflect the organizational
flow of this thesis and show how each path leads to evidence that supports how socialpolitical factors impact natural resources. There are arrows that flow directly from the
climate change box to the evidence box, as climate change in itself results in impacts on
natural resources. One arrow in the model is double-sided in direction, showing that not
only do migration issues impact natural resources, but that impacts to natural resources
influence migration.
Chapter two includes review of the theoretical framework that I used to compare
impacts on natural resources of the URB and RGRB. The theory of eco-frontiers will be
used to review and compare the conservation responses that have emerged along the
URB and RGRB due to environmental impacts resulting from social-political interest
(Guyot, 2011; Laako and Hauffer, 2022). Border security along Mexico’s north and
southern borders is one of the most environmentally destructive frontier dynamics
existing in each region. Using the Treadmill of Destruction theory, impacts to natural
resources resulting from increased militarization of each border will be examined and
compared (Hooks and Smith, 2004). The implications casted on the environment and its
natural resources due to anthropogenic causes are increasingly worsening due to climate

17

change. Climate change not only enhances the environmental impacts that already exist
in these basins, but also aggravates issues involving border security. As climate migration
is an adaptation of climate change and affects the population of the URB and RGRB, the
Push-Pull theory will be used to determine the climate-related factors influencing human
migration from Mexico and Guatemala into the United States (Lee, 1966).
Chapter three discusses the methodology used to perform this research. Though
the research contained in this thesis is mainly qualitative, quantitative techniques are used
purposely to support discussions and major findings. This thesis uses the case study
approach for a detailed and multi-faceted understanding of the relationship between
humanity and the environment in the URB and RGRB. As this research aims to compare
how impacts to natural resources have manifested along the two basins, this chapter
discusses using a qualitative case study methodology is used to evaluate each case and
compare them. Discussion of the methods behind theoretical and analytical triangulation
is described in this chapter as multiple theoretical frameworks are used along with both
qualitative and quantitative research methods. Details on the collection of data that was
used in the creation of graphs and the sources from which the data was obtained is
discussed. The final two chapters include discussion of the results and findings from the
research performed. Chapter four includes presentation of the results from comparison of
impacts to natural resource as they pertain to conservation responses, militarization of the
borders, and migration. The results section includes details of the impacts endured
historically by natural resources along each basin, while also considering contemporary
challenges as they relate to the changing climate. Chapter five concludes the thesis and
outlines its contributions, the limitations of the study, and areas for future research. A
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cycle of destruction is recognized connecting the social-political factors discussed in this
thesis and their impacts on natural resources within the context of climate change. This
research provides the steppingstone for future scholars focused on evaluating impacts to
natural resources due to anthropogenic factors along transboundary river borders. The
rivers that form international borders and their corresponding basin are at increased risk
of declines as they have the potential to be appropriated by two nations. Evaluation of
impacts to natural resources and how they have manifested along transboundary river
basins is needed for effective adaptation and mitigation against climate change.
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CHAPTER II: LITERATURE REVIEW

2.1 ECO-FRONTIERS
The environment of transboundary river borders around the world consists of
broad ecosystems that are home to diverse plants and wildlife. As the influence of socialpolitical factors surge along these borderlands in response to growing populations, so do
the imposed threats on the environment and its natural resources. A frontier, as defined
by the Merriam-Webster dictionary, is “a border between two countries” and “a region
that forms the margin of settled or developed territory”. In an article by Sylvain Guyot
(2011), he asks the question: how do natural spaces of high ecological value deal with the
geopolitics of international borders, beyond the well-researched question of natural
borders? These borderlands which consist of areas with expansive ecosystems and
biodiversity are the focus of the eco-frontier paradigm. The concept of frontiers and ecofrontiers are both related to land appropriation, but one seeks to exploit while the other is
focused on protection. The eco-frontier concept is looking globally at the connection
between space, nature, and politics by integrating evolving geographical and geopolitical
concepts at different times, and influenced by different ideologies (Guyot, 2011). This
paradigm is used to compare the conservation efforts that have emerged along the URB
and RGRB in response to environmental impacts caused by social-political factors.
The natural resources found along transboundary river basins are often at
increased risk of decline, especially along highly political borders with extensive border
security. Conservation of these borderlands is critical as the biodiversity in these regions
rely on ecological connectivity, allowing for movement of wildlife populations
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throughout the basin (Liu et al., 2020). The relationship between politics and the
environment is complicated along borderlands, especially when it comes to protecting
delicate ecosystems. In an article by Ramutsindela et al. (2020), scholars discuss the
geopolitics of protected areas and analyze the concept through various points of view.
Conservation Geopolitics can be viewed as a utilitarian concept, where conservation
interventions are shaped for geopolitical gain and portraying environmental stewardship.
The authors of this article discuss how the eco-frontier concept can be used to understand
the environmentality which motivates actions of conservation at the political level. Using
the eco-frontier paradigm, researchers can determine the geographical and geopolitical
concepts that motivated conservation along frontier territories over time. In an article
evaluating eco-frontiers of the URB, Laako and Kauffer (2022) discuss the elements of
eco-frontier analysis identified by Guyot (2011). The analysis of eco-frontiers is
performed using two elements, the first looking at the spatial dimensions of the region,
and the second involving the temporal dimensions. Spatial dimensions look at the
territory that was appropriated by distinct stakeholders, and the psycho-mental
appreciation for the environment (wilderness, landscapes) that created responses in
environmentalist. Temporal dimensions acknowledge the historical timeline at which the
eco-frontier emerged.
Guyot characterizes the three generations of eco-frontiers and evaluates how each
depend on the geographical and geopolitical concepts of the region during each period
(Table 1). The first generation evaluates the eco-frontiers around the time of exploration,
and “frontier-type eco-conquests” seen in large empires like the United States (Guyot,
2011). This would include the first conservation efforts seen as boundaries are being

21

established and border building is in its infancy. The second generation is looking at the
middle of the 20th century during the securing of states for many transboundary nations,
resulting in wars and political unrest.
The third generation looks at the current success of environmental efforts at a
global scale, attributed to civil and international organizations. Laako and Kauffer
performed an evaluation of the eco-frontiers that have emerged throughout these
generations along the URB and discuss how they were a response to the evolution of the
frontier itself. The URB and RGRB have both endured impacts to its natural resources

Table 1
Generations of Eco-frontiers

Generations

Time
Period

Spatial
diffusion

Geographical/
geopolitical concepts

Imperial
Eco-frontiers

18th century to
early 19th
century

Anglo-American
colonies and
territories

Boundaries, natural borders,
frontiers, commodity

Geopolitical
Eco-frontiers

From the
1930’s

Diffusion to
various (newly)
independent states

Green belts, buffer zones,
national parks, international
borders

Global
Eco-frontiers

Contemporary

Worldwide

World heritage sites, transfrontier parks, environmental
networks
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that resulted in the establishment of the protected lands that we see today. In order to
compare the eco-frontiers of the URB and RGRB and evaluate how social-political
factors have influenced their emergence, this thesis will explicate the eco-frontiers of the
RGRB. Using the foundation established by Guyot, eco-frontier generations will be
established though review of the frontier dynamics and corresponding geographical and
geopolitical concepts of the region during each period.
2.2 TREADMILL OF DESTRUCTION
Regions of the world with high volumes of military operations are faced with a
variety of environmental impacts. Destruction to the environment often follows
expanding militaries resulting in diversions of rivers, destruction of animal and plant
habitats, and the use of biological and chemical weapons. These environmental impacts
may occur from acts of war, or even through the expansive infrastructure that often
accompanies it. As the technology and weaponry used by the military advances, new
hazards are created that add to the already present environmental implications. The
treadmill of destruction theory highlights the expansionary tendencies and concomitant
environmental consequences of militarism (Clark and Jorgenson, 2012). As the
international borders within the URB and RGRB are highly politicized and heavily
policed, it is crucial to evaluate the impacts on natural recourses that have resulted from
militarization of each region. Using the framework behind this theory, a comparison of
the direct and indirect impacts on natural resources caused by militarization along each
basin will be performed.
The foundation of this theory is rooted in the examination and attempt to
understand the environmental inequalities that exist around the world. The Treadmill of
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Destruction was first established by Hooks and Smith (2004) who argued of the
involvement of geopolitics in the destruction of the environment. The authors argue that
unlike the Treadmill of Production which identifies how economic expansion leads to
undesirable environmental outcomes, the Treadmill of Destruction cannot be reduced to
capital gain. Scholarly work on this theory expands on the various forms of land and
ecosystem degradation that accompanies military expansion. In an article by Clark and
Jorgenson (2012), they elaborate on how militarism acts as a treadmill of destruction that
limits environmental protection. These limits occur from direct impacts like physical
destruction through infrastructure development, and indirect impacts including the
diversion of federal funds that support national security expansion instead of
environmental conservation. Impacts to natural resources caused by militarism have the
potential of worsening due to climate change, which is also greatly attributed to military
campaigning. The military uses large amounts of fossil fuels for planes, ships, and tanks,
and to cool troops stationed in arid climates. This contributes to the greenhouse effect
which fuels climate change. Clark and Jorgenson note that the U.S. military consumes
approximately 1.3 billion gallons of oil per year in the Middle East alone. As the climate
continues to warm, natural resources remain at risk for additional decline especially in
regions with high military activity.
The United States has defined the U.S. – Mexico through its border security
presence and infrastructure. Surveillance technology, checkpoint stations, fences and
walls are a few of the major forms of border policing infrastructure that follows the Rio
Grande River as it forms the border between the U.S. and Mexico. This influence has
extended to Mexico’s southern border as the U.S. continues to provide funding for the
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expansion of border security at the Guatemala – Mexico border. This risk-transfer
militarism is common among powerful nations who try to shield their homeland by
increasing militarization in less powerful borderlands (Correa and Simpson, 2022). In an
article by Carmen Gonzalez, she discusses the great influence the U.S. has had on
Guatemala’s turbulent military presence (Gonzalez, 2020). The article discusses the
financial assistance provided by the U.S. to Guatemala’s authoritarian regime during the
country’s civil war (1960-1996). In an article by Correa and Simpson (2022), the
treadmill of destruction is evaluated along North America’s southern border as they
identify “repertoires of militarization” used by the state to promote militarism and
environmental degradation in the lower Rio Grande valley. They discuss how the
Treadmill of Destruction theory and U.S. - Mexico border studies intersect when
evaluating state, geopolitics, militarization, war-making, and the underdeveloped
evaluation of their connection to environmental degradation along these borderlands.
This evaluation also reflects the environmental degradation that has occurred along the
URB as militarization of the region has resulted in great implications of its natural
resources. A comparison will be performed in this thesis utilizing the Treadmill of
Destruction framework to assess the differences and similarities of impacts to natural
resources caused by militarization of the URB and RGRB.
2.3 PUSH-PULL THEORY OF MIGRATION
The history of humankind is one that includes the migration of populations. One
of the earliest scholars to study migration was E.G. Ravenstein who published a paper in
1885 on “The Law of Population Migration”, the basis of the Push-pull Theory (Lee,
1966; Wang et al., 2021). The Theory of Migration (Lee, 1966), also known as the Push-
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Pull Theory, recognizes that migration is selective and influenced by factors associated
with the area of origin, the destination, intervening obstacles, and personal factors
(Urbanski, 2022). Natural disasters and other devastating environmental conditions
attributed to climate change are occurring more frequently and at an increased severity
along the URB. Impacts to natural resources leave communities vulnerable and at times,
forced to leave their homes in search of better living conditions and opportunities.
Understanding the factors that contribute to the migration of populations from Guatemala
and southern Mexico into the United States is essential for proper adaptation and
mitigation responses. This thesis utilizes the push-pull theory to evaluate the climate
related factors influencing migration of these populations into the U.S.
Push factors as described by Urbanski (2022) are those that force individuals to
leave their homes, and can be categorized into economic, social, and political factors.
Pull factors are those that attract one to leave their place of origin and also fall under
these same categories. In an article by Black et al., the influence of environmental
changes on drivers of migration is considered. The authors notes the five drivers of
migration, which continues from Lee’s Push-Pull theory, and includes the environment as
a factor along with political, social, economic, and demographic issues (Black et al,
2011). In the article, it discusses how the five dimensions of climate change including
rises in sea levels, change in frequency and intensity of storms, changes in rainfall
regimes, increases in temperature, and changes in atmospheric chemistry all could
influence migration drivers. In Central America, countries including El Salvador,
Nicaragua, and Guatemala who comprise of the “Dry Corridor” are enduring disastrous
impacts from drought, including reductions in 50-75% in crop yields, and leaving eight of
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ten households forced to resort to crisis coping mechanisms, including migration (OCHA,
2020). As adaptation and mitigation strategies are being developed to combat the
implications of climate change, those addressing displacement continue to be a debate
between many nations, especially those with a long history of border policing. Proper
understanding and response of the push-pull factors influencing migration of populations
from Guatemala and Mexico to the United States could reduce the need for border
security expansion along the RGRB, reducing further impacts to natural resources in the
region.
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CHAPTER III: METHEDOLOGY

3.1 QUALITATIVE CASE STUDY
One major purpose behind research in the field of environmental science is to
contribute towards environmental conservation and natural resource preservation. The
interdisciplinary nature of this type of research is derived from various academic
disciplines including natural, social, and applied sciences (Roudgarmi, 2011). This thesis
aims to compare how social-political factors impact natural resources across two highly
political transboundary basins to bring awareness to these delicate ecosystems. The
research methodology used in this thesis is unique in that it encompasses various
approaches to validate its findings and describe the complex nature of its context. It
includes a qualitative case study comparison of two river basins, incorporating historical
and contemporary review of impacts on natural resources in each region. Through
triangulation of analysis and theory, a wider and deeper understanding of the subject is
obtained.
Though this thesis is primarily qualitative in nature, it does incorporate
quantitative methods including the use of numerical data to support main ideas. Marvasti
discusses the use of “mixed methods” in research where techniques of both qualitative
and quantitative research are used. Research that encompasses both qualitative and
quantitative methods that are used intelligently and appropriately can provide balance and
scientific rigor to the context (Marvasti, 2004). This research mainly focuses on use of
qualitative methods to describe and compare impacts to natural resources across two river
basins and evaluate the influence of social-political factors. Research that is qualitative
provides a detailed description and analysis of the subject through use of empirical
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materials (Marvasti, 2004 & Roudgarmi, 2011). Roudgarmi expands on the empirical
materials that can be used during qualitative research including case studies, interviews,
artifacts, and historical text. The two basins selected as the focus of this research are two
that: 1) contain a river that forms an international boundary, 2) have a history
militarization in the region, and 3) have natural resources that have been impacted by
social-political factors that are increasing due to climate change.
Qualitative case studies are used when the research being performed is rooted in
forming an in-depth understanding of a multidisciplinary concepts occurring in one or
more cases (Roudgarmi, 2011). A case study approach allows the researcher to compare
how a phenomenon manifests in two locations and evaluate the existing similarities and
differences. Roudgarmi describes the major conceptual responsibilities of a qualitative
case study including conceptualizing the study, selection of specific phenomena or issues,
and triangulation of key observation and basis for interpretation. This thesis
conceptualizes how social-political factors influence impacts to natural resources within
the context of climate change through the triangulation of theory and methods of analysis.
Triangulation is a technique often used in case study research to incorporate
different perspectives and increase the accuracy and validity of the study (Roudgarmi,
2011 & Hussein, 2009). This growing form of research is also referred to as mixed
methodology or multi-strategy research which aims to reveal complementarity,
convergence, and dissonance among the findings (Hussein, 2009). Of the five recognized
forms of triangulation including data, theoretical, investigator, analysis and
methodological, this thesis incorporates two: theoretical and analysis triangulation.
Theoretical triangulation is defined as the use of multiple theories within the same study
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to support or refute findings through multiple lenses (Hussein, 2009). This thesis uses the
theoretical concepts of Eco-frontiers, Treadmill of Destruction, and Push-pull theory to
thoroughly describe the influence of social-political factors on impacted natural
resources. As mentioned above, analysis triangulation is used as the findings in this
research include qualitative and quantitative discussion. Hussein describes data analysis
triangulation as the use of different methods to analyze the same set of data for validation
purposes. This is used within the thesis to support findings on impacts caused by
militarization of each region, and to examine how climate related disasters are impacting
natural resources and migration.
The research in this thesis includes a qualitative case study methodology aiming
to compare the impacts on natural resources along the URB and RGRB caused by social
political factors. For effective review of the selected social-political factors and their
contribution to impacted natural resources, theory and analytical triangulation is used to
encompass multiple aspects of this complex phenomenon. Utilization of this research
methodology allows for a thorough comparison of these two basins and understanding of
the historical and contemporary influences that select social-political factors have on
natural resources and their decline.
3.2 DATA COLLECTION AND SOURCES
3.2.1 Eco-frontiers of the RGRB
The river frontiers of the RGRB and URB have endured impacts to its natural
resources from social and political development within the bordering nations. Both basins
cross onto Mexican territory and comparing them reveals the differences and similarities
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in anthropogenic implications affecting the Northern and Southern parts of the country.
The border development within these two basins involves different frontier dynamics and
geopolitical climates that have resulted in distinct types of environmental protections.
The concept of eco-frontiers ignites the discussion of the environmental concerns that
have followed developing territories, especially those with immense biodiversity and
potential for appropriation.
One of the major contributions of this thesis includes the establishment of the ecofrontier generations that have emerged within the RGRB. This evaluation includes review
of spatial and temporal dimensions of each region, including the geographical and
geopolitical concepts that insighted conservation during each generation. Literature
review was used to obtain information on the historical association of social-political
factors and impacted natural resources in the RGRB. Laako and Kauffer (2022) provide
an evaluation of the “Entangled Eco-frontiers” of the URB, addressing the gap in analysis
of the interconnections between frontiers and eco-frontiers. Utilizing the established ecofrontiers of the RGRB within this thesis and the article by Laako and Kauffer, a
comparison can be performed evaluating the generations of eco-frontiers that have
emerged along each basin, and the frontier dynamics involved that caused impacts to
natural resources.
3.2.2 Comparison of Impacts from Militarization
Both basins within this case study are a part of regions with high military activity
that has molded the environment. As theorized in the Treadmill of Destruction, this thesis
will evaluate how militarization in the URB and RGRB has impacted natural resources
and compare the forms of militarization, the method of destruction and the direct and
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indirect impacts on natural resources seen in each basin. This information was obtained
through review of scholarly articles that have discussed the impacts on natural resources
caused by the military independently. This form of comparison between the two basins
has not been done before and is critical in the conservation and protection of the natural
resources in each region.
Impacts on natural resources related to militarization of each region occurs
through more than just construction of invasive infrastructure or acts of war, but also
through the funneling of monetary resources. The United States allocates more money
towards border security that any other nation in the world, including what is spent on its
border with Mexico, and funding for Mexico’s border with Guatemala through the
Mérida Initiative (Miller and Akkerman, 2021). Data was collected to evaluate how much
the United States has spent to fund the U.S. Border Patrol Agency from 2015-2019. This
data was collected online through the U.S. Department of Homeland Security database.
As money allocated by the U.S. to fund border security in Mexico is pertinent to this
study, U.S. congressional reports were used for data collection on funding provided to
Mexico under the Mérida Initiative. This quantitative analysis will provide additional
evidence on how militarization of the region impacts natural resources.
3.2.3 Push-Pull Factors of Climate Change
Impacts on natural resources are being exacerbated by climate change and are
pushing populations form Mexico and Guatemala out of their homes. As discussed in the
Push-Pull Theory, migration is influenced by factors that exist which push citizens from
their place of origin and factors that pull and attract them to their destination. Evaluation
of the push-pull factors of climate change affecting migration from Mexico and
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Guatemala is important to this thesis as it contributes to the discussion of impacts to
natural resources, how they manifest during the age of climate change, and their
association with increased military presence in each region. These climate related factors
were obtained through the review of scholarly articles that evaluated specific cases of
how climate change has impacted each region.
Issues with immigration have existed amongst the U.S since the establishment of
its border with Mexico. As immigrant numbers increase, so does the perceived need for
expansion of border security. Understanding the issues that are driving migration of
Mexican and Guatemalan populations is essential in formulating the proper climate
mitigation and adaptation responses. Quantitative analysis of the populations from each
country impacted by climate related disasters will be performed to contribute to the
discussion of the push-pull factors of migration. This data was collected from the World
Bank and only considers populations impacted by climate related disasters like drought
and flooding. Evaluation of the push-pull factors influencing migration from Mexico and
Guatemala into the U.S. acknowledges how crucial the preservation and conservation of
natural resources is and supports the need for adequate climate management.
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CHAPTER IV: RESULTS

4.1 ECO-FRONTIERS OF THE RGRB

The vast ecology of the RGRB spans a broad range of environments and supports
immense biological diversity. This transboundary border contains 1,506 native terrestrial
and freshwater animals and plants, including sixty-two species listed as Critically
Endangered, Endangered, or Vulnerable by the IUCN (Peters et al. 2018). The history of
frontier dynamics along the border of the Rio Grande River exemplifies post-colonial
development seen in other regions of North America. Prior to the Mexican American
Revolution, borderlands of the Rio Grande consisted primarily of Native American tribes
who were pushed out over the years to live in small territories. Border infrastructure
development, from initial monuments (boundary markers), roads, rail roads, and ports of
entry to the invasive surveillance and fencing infrastructure seen today has dominated
this region. As for the river, it has been physically transformed over time to meet the high
demand of water to support agriculture and irrigation in these borderlands. Portions of the
river no longer have flowing water due to the dams, channels, and other forms of
diversions created by human intervention. Using Guyot’s method of analysis, generations
of eco-frontiers were identified within the RGRB (figure 4) as they emerged in response
to border building and development.
The border that exists today is like the boundary established on the Treaty of
Guadalupe Hidalgo (1848) following the Mexican American War. This period was
focused on establishing the boundary lines between the two nations initially performed by
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the U.S. and Mexican boundary commission (Alvarez, 2021). This generation of ecofrontier was primarily focused on the exploration of the imperial borderlands, and
identification of border boundaries between the United States and Mexico. This was
foreign territory that prompted many challenges for those unfamiliar to the area, and the
need for accurate mapping of the land and river was required. Alvarez (2021) discusses
the struggles encountered by explorers from both nations due to the harsh climate,
topography, and hydrology. The explorer’s initial impressions of the landscape and those
indigenous to the area reflects the racisms and fear many feel towards the borderlands to
this day. Environmental disturbance began after the area had been surveyed through the
construction of roads, railways, and canals. Livestock was uncontrolled leading to
overgrazed grasslands, while mining activities spread in the U.S. towards the border and
across to Northern Mexico. George Perkins Marsh, who is considered the father of the
American conservationist movement, released a book titled “Man and Nature” in 1864
recognizing the resulting impacts to the environment due to land exploitation (Alvarez,
2021). By the end of the 18th century, borderlands were controlled by native populations,
and extensive water projects for irrigation and land cultivation had not yet taken place.
The International Boundary Commission (IBC) was established in 1889 for binational
water and border management regarding issues of movements of the Rio Grande River
(EPA, 1994). They would be the organization to spearhead large water infrastructure
projects as the 20th century approached and measures to divert river water to desert areas
would become a reality and lead to the large-scale agricultural boom that would take
place in the region. The geopolitical generation of eco-frontiers along this
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Figure 4
Generations of Eco-frontiers along the RGRB
•Frontier Dynamics: Territory designation, boundary surveying, beginnings of border

Imperial
Ecofrontier

development (roads, railroads, water channels)
•Geographical Concepts: Wilderness, deserts, evolution from "nothingness to
productiveness"
•Geopolitical Concepts: International boundary commissions, ports of entry,
"conquering the border"

•Frontier Dynamics: Border building, water management, border policing (US BP)
•Geographical Concepts: National parks, reserves, environmental NGO's &
alliances
Geopolitical •Geopolitical Concepts: Sovereignty, water liberation, International
Eco-frontier Environmental commissions and Legislation

Global Ecofrontier

•Frontier Dynamics: Multi-national Trade, "War on Drugs", "War on Terror",
"Immigration Crisis"
•Geographical Concepts: International conservation support
•Geopolitical Concepts: Global climate initiatives, National conservation
framework development

North American border followed the establishment of the U.S. Border Patrol Agency.
The turn of the century began with conflicts on Mexico’s side of the border as a revolution
unfolded in the region and human traffic across ports of entry increased dramatically.
American administrations pushed the militarization of the border because of this and by
1917, 160,000 American troops were on the border (Alvarez, 2021). With the U.S. Border
Patrols establishment in 1924, this began an era of increased immigrant control via
intensified federal border policing and legislation.
Similarly, a united surge in the development of hydrological infrastructure began
along the river border, with the IBC (now known as the IBWC) going from a small-scale
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organization to an engineering agency executing massive reconfigurations of the physical
shape and flow capacity of the Rio Grande (Alvarez, 2021). The linkages between water
development and increased militarization run deep during this time as advances in water
management created more jobs, increasing migration, and in turn increasing the “need”
for a militarized border. The IBWC was the agency to complete the first major
construction project on the border called the “Western Land Boundary Fence Project”
during the middle of the 20th century resulting in 237 miles of border fencing. Prior to
this, the “Rio Grande Rectification Project” had just been completed, straightening the
river to better accommodate border policing and agriculture. For a brief moment in the
1930’s, development along these borderlands did not involve militarization and boundary
building. Scientists from both countries proposed that sixteen different areas be declared
international parks or reserves as a means of demonstrating the friendship and goodwill
between the two countries (Wakild, 2009). Officials from both sides of the border met
and planned the possibility of a Transnational Park but could not agree on the location.
This led to Big Bend National Park (U.S.) being established in 1944 and Parque Nacional
Cañon de Santa Elena in Mexico (1994). The Geopolitical eco-frontier consisted of
conservation work by public agencies and private organizations fighting to protect the
environment from already visible implications. Across the border, United States and
Mexico established various institutions for the management of natural ecosystems. These
include the U.S. Forest Service (1905), National Park Service (1916), and Fish and
Wildlife Service (1936), the Mexican forestry law (1926) and Department of Forestry,
Fish and Game (1935) (Liverman et al., 1999). An international agreement also emerged
at this time addressing transboundary environmental issues that had resulted from fast
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development and urban sprawl in the region including poor water and air quality,
hazardous waste, and extraction of natural resources. La Paz agreement of 1983 remains
the basis of official US-Mexico border environmental cooperation that continues to
develop today (Liverman et al., 1999).
Our world is continuously learning how to coexist with the natural environment
without implications to biodiversity, and perhaps in a greater interest, the economy.
Along the U.S.-Mexico border, the issue of top priority is the immigration crisis resulting
in thousands of miles in border wall and more to be built with little concern of the
impacts brought on to endangered species or native vegetation. The global eco-frontier
emerged as a response to large scale infrastructure projects (both new and repairing of the
old) to support international trade (NAFTA of 1994) and ongoing border issues. The
1990’s saw an escalation in border security building, with the number of U.S. Border
Patrol agents going from 4,000 in 1992 to over 21,000 in 2011 (Alvarez, 2021). Ecofrontiers have lined the border of the Rio Grande to protect the land that has fallen victim
to a quickly evolving environment through the establishment of reserves and other land
protections. As issues involving immigration continue to grow, militarization of the
border increases, and the border wall continues with the 2005 Real ID Act allowing it to
proceed without mitigation measures or analysis of potential environmental impacts. The
borderlands of the early 21st century are environmentally stressed causing issues on both
sides of the border. Since the mid-1990s, the flow of the Rio Grande has reduced to 20%
from the many diversions, dams, and consumption of water for domestic use and
irrigation of farmlands (Olson & Lang, 2021). Already stressed resources have
conservation groups and environmentalist worried about the worsening of these impacts
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as the climate continues to change and rain patterns become increasingly irregular.
International efforts for climate action and environmental preservation are priorities for
both nations during this eco-frontier generation. The new U.S.-Mexico Environmental
Program called “Border 2025” is a binational effort to protect the environment and public
health in the border region by reducing air pollution, improving water quality, and
enhancing waste management (EPA, 2021).
The eco-frontiers of the RGRB have resulted over time from the environmental
implications that have taken place due to social and political development. Border
security and hydrological infrastructure development and expansion has molded the
landscape of these borderlands, impaired the river’s natural flow regime, and divided the
habitat that supports its unique biodiversity. Conservation efforts along the RGRB (figure
5) continue to expand as awareness of its vulnerability has increased with border building
continuing. Review of the impacts to natural resources that have occurred along this basin
is critical now more than ever as the implications of climate change add further pressures
on them and contribute to their decline. The environmental impacts that have occurred
along the RGRB mirror that of other transboundary river basins that include an
international border. Comparison of the emergence of eco-frontiers over time along the
URB and RGRB is discussed in the next section.
4.1.1 Comparison of Eco-frontiers along the URB and RGRB

The eco-frontiers of the URB and RGRB have both emerged in response to
destruction of the environment and its natural resources due to social-political factors.
Conservation began in these regions through efforts of both control, and preservation of
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the wilderness that would be exploited. Table two contains the comparison of ecofrontiers of the URB and RGRB including acknowledgement of the frontier dynamics
shaping each region, and the geographical and geopolitical concepts of each generation.
One similarity between the eco-frontiers of these two basins includes the source that
attracted and motivated conservation efforts during each generation. Looking at table
two, these sources are noted next to each generation including water for imperial eco-

Table 2
Comparison of the Eco-frontiers of the URB and RGRB.

URB

RGRB

Imperial Eco-frontier:
Water

Geopolitical Eco-frontier:
Land

Global Eco-frontier:
Environmental Degradation

Period: 1800’s – 1960’s

Period: 1960’s – 1990’s

Period: 1990’s - present

Frontier Dynamics:
Territory designation,
mahogany extraction,
aspirations as a tourist
attraction

Frontier Dynamics:
“Modernization of the tropics”
through logging / agriculture/cattle
farming , petroleum extraction,
civil war

Geographical / Geopolitical
Concepts: Explorers’ ecofrontier, “unoccupied land”,
archeological attraction

Geographical / Geopolitical
Concepts: Formation of biosphere
reserves, influence from scientists
and activist

Frontier Dynamics:
Settlement expansion,
agriculture and farming, End of
civil war, population
displacement, drug trafficking
and smuggling

Period: 1800’s – 1920

Period: 1920 – 1990’s

Period: 1990’s - present

Frontier Dynamics:
Territory designation &
Beginnings of border
building

Frontier Dynamics: Agriculture
and industrialization, Border
control through water and security
infrastructure

Frontier Dynamics:
Multinational trade, War on
Drugs, War on Terror,
Immigration crisis

Geographical / Geopolitical
Concepts: Wilderness,
desert, IBC, ports of entry

Geographical / Geopolitical
Concepts: National parks,
wilderness reserves, environmental
NGO and allies, International
environmental commissions

Geographical / Geopolitical
Concepts: National
conservation framework, global
climate initiatives, International
conservation support

Geographical / Geopolitical
Concepts: Transboundary/
international conservation,
heritage sites , environmental
commissions
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frontiers, land for the geopolitical eco-frontiers, and environmental degradation for global
eco-frontiers. Differences that arise when discussing these eco-frontiers includes the
period of emergence of each generation, and the social-political actions that caused the
impacts to natural resources along each basin.
Laako and Kauffer (2022) identify three types of eco-frontiers created over the
three generations along the URB, addressing the colonial, geopolitical and global
components of each. The first generation of eco-frontiers of the URB is referred to by the
authors as the “Explorers’ Eco-Frontier” which includes the period prior to the 1960’s
where frontier dynamics of the region included formation of the international border and
increased mahogany extraction. The period of the first generation is different between the
URB and RGRB due to the frontier dynamics controlling each region at the time. For the
URB, the first-generation incudes the 1800’s -1960’s, as this is prior when the civil war
began in Guatemala and new environmental concerns emerged. Along the RGRB, the
first generation includes the period between the 1800’s - 1920’s as this separates the
beginnings of border building seen in the first generation and the infrastructural boom
that followed in the second generation. The differences in the periods at which these ecofrontiers are established is largely due to the difference in the rate of development seen
along each basin. Manipulation of the water sources along the RGRB began in the 19th
century, where the Usumacinta River of the URB had not been fully mapped by the
middle of the 20th century. The geographical and geopolitical concepts of the first
generation of eco-frontiers along both basins includes the attraction to wilderness and
“unoccupied lands” that were originally indigenous territories. The beautiful and winding
Usumacinta River was seen as a potential tourist attraction that could benefit the region’s
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economy. The Rio Grande River served as a critical lifeline in the desert as explorers
surveyed the region and established the boundary line between the United States and
Mexico.
Where water was the source of attraction during the first generation, the second
generation of eco-frontiers along both basins emerged due to impacts and alterations to
the land. Along the URB, the second generation established by Laako and Kauffer is
referred to as the “Epistemic Eco-frontier” and emerged from the 1960’s - 1990’s,
formed by conservationists and scientist interested in the forest’s ecosystem. The
forestlands of the Petén in Guatemala which were 70-80% untouched in the 1960’s are
now considered a “no man’s land” due to deforestation resulting from geopolitical
interest based on sovereignty and establishment of borders (Laako and Kauffer, 2022).
Conservation efforts during this generation along both basins emerged from impacts to
the land caused by agricultural development and militarization of each region. The
geopolitical and geographical concepts during the second generation result in the
emergence of biospheres, wilderness reserves, and national parks established to protect
sensitive ecosystems of the region that we see today (Figure 5). Eco-frontiers along the
URB and RGRB during this second generation were established through the involvement
of scientist, activists, and environmental NGO’s (Non-governmental organizations)
focused on conservation of these borderlands.
The third generation referred to as the global eco-frontier represents the current
status of conservation efforts seen along both basins. Laako and Kauffer refer to this
generation as the “institutional, intertwined eco-frontier” of the URB, which focused on
efforts to protect the transboundary river basin from the 1990’s to now. The civil war in
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Guatemala ended officially in 1996, resulting in a damaged environment and the
displacement of many communities. The frontier dynamics of the region during this

Figure 5
Protected areas established along the URB and RGRB

generation included border security, drug trafficking, and smuggling which posed
tremendous challenges for conservation. This coincides with the frontier dynamics seen
along the RGRB during this time. The U.S. – Mexico border responded to the
displacement of southern populations through expansion of its border security and
initiating the war on drugs, negatively affecting populations in Mexico and of its southern
neighbor. As this generation is during the age of climate change, impacts to natural
resources are becoming more apparent along both basins, with implications ranging from

43

water shortages along the RGRB to catastrophic climate disasters in the URB.
Conservation efforts of the Global Eco-frontier within both basins include international
efforts in creating conservation framework and global climate initiatives. The evaluation
of the eco-frontiers of the RGRB and URB provide evidence of the impacts on natural
resources that have occurred due to social-political factors. As noted by the founder of
the eco-frontier concept, regions with great plant and animal diversity, like those of the
URB and RGRB, are at increased risk of appropriation and environmental degradation.
Many of the impacts on natural resources seen along both basins have resulted from
direct influence of the military’s presence during each eco-frontier generation. Further
comparison of the impacts on natural resources caused by militarization of the URB and
RGRB occurs in the next section.
4.2 IMPACTS TO NATURAL RESOURCES FROM MILITARIZATION
Comparison of the forms of militerization that have controlled the URB and
RGRB yield differences and similarities involving the type of military presence and the
resulting environmental impacts. With fear and control as the motivation, the
transboundary river borders of these two basins are equipped with invasive infrastructure
to assist in border policing. Though the RGRB has seen exceptional damage to its natural
resources caused by border security development compared to the URB, the natural
resources of the URB have endured extensive impacts from acts of war. Table three
contains a breakdown of the comparison of impacts to natural resources caused by
militerization along the URB and RGRB. This comparison was performed by first,
looking at the forms of militerization that have emerged along each basin, and the method
of destruction used by each. By identifying the forms of militerization and the
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corresponding methods of destruction, a look at the causation of the direct and indirect
impacts to natural resources can be identified and compared.

Table 3
Comparison of Military Impacts on Natural Resources in URB and RGRB. Similarities in
the results are bolded.
Form of
Militarization

Method of
Destruction

Direct impact

Civil War (1960-

URB

Indirect impact

Wildlife disruption

1994), counter-

Earth-scorching,

insurgency

building of large

strategies, border

border security

security

infrastructure

Deforestation,
Habitat
fragmentation

development

and endangerment,
erosion, diminishment
of conservation
efforts, reduction in
carbon sink

Wildlife disruption
Building of large

RGRB

Border Security
development

border security
infrastructure, River
rerouting and
manipulation

Habitat
fragmentation,
alteration of surface
hydrology

and endangerment,
diminishment of
conservation efforts,
Erosion, impacts to
water quality and
quantity

One of the largest and most critical froms of militerization that has impacted the
natural resources of the URB is the Civil War that lasted thirty four years and included
the utilzation of the rainforest as a military tool. During the civil war, the lush forestlands
of the Petén in the URB were used as hiding places by guerrilleros and many Mayan
communities (Laako and Kauffer, 2022). Counter-insurgency strategies resulted in the
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massacring and dislocation of many indigenous communities, including a scorched-earth
campaign to minimize the space that rebels had in which to hide. The authoritarian
regime that controlled Guatemala’s military during this time was financed and supported
by the U.S. government (Gonzalez, 2020). These earth scorching tactics resulted in
deforestation and habitat fragmentation in the URB, leading to wildlife disruption and
endangerment, soil erosion, and displacement of conservation efforts. The indirect
impacts of deforestation also contribute to the climate crisis through removal of natural
carbon sinks that could help reduce the levels of CO2 in the atmosphere. Border security
along the URB has been increasing as the United States continues risk-transfer militarism
by financing its development through the Mérida Initiative. U.S. congress has funded and
managed the Mérida Initiative since 2008, providing training and equipment to strengthen
Mexico’s border security along its southern boundary (Seelke and Klein, 2022). The
impacts to natural resources from border security development are projected to intensify
along the URB based on what has resulted along the international border found within the
RGRB.
The direct and indirect impacts to natural resources of the RGRB caused by
militarization are largely attributed to border security. This region has experienced border
security expansion since the establishment of the U.S. Border Patrol Agency in the early
20th century, resulting in the construction of large border security infrastructure and
rerouting of the Rio Grande River. The river in El Paso was straightened in 1933 to allow
for better boundary definition between its neighbor Cuidad Juarez, and easier patrolling
and surveillance of the borderlands (Alvarez, 2021). This resulted in shortening of the
river from 155 miles of winding riverbed to 88. Construction of large-scale infrastructure
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is known to have a definite impact on the surrounding environment and wildlife. This is
the reason the United States signed the National Environmental Policy Act (NEPA) into
law in 1970, to require federal agencies to evaluate all environmental effects that could
result from each construction project. It requires agencies to assess and create detailed
mitigation plans to ensure any damage that could arise from the proposed project to the
environment is evaluated, planned for, and prevented. The 2005 “Real ID Act” was
passed by US congress as part of the Emergency Supplemental Appropriations for
Defense, the Global War on Terror, and Tsunami Relief. Within this act, authority is
given DHS to waive any laws that slow construction of the border wall. This includes
NEPA, the Endangered Species Act, Clean Water Act, Fish and Wildlife Act and many
others that were brought into law to protect the environment and all its inhabitants. Since
this act was passed into law, the DHS has issued eight waivers in all four U.S. border
states, including three by the Trump administration in 2017 (Peters, 2018). These
methods of destruction have resulted in habitat fragmentation of the RGRB and alteration
of the river’s surface hydrology. The indirect impacts on natural resources seen in the
RGRB due to militarization are like those in the URB, as border security development
has also led to wildlife disruption and endangerment, soil erosion, and diminishment of
conservation efforts. Another critical impact seen in the RGRB resulting from alteration
of the regions surface hydrology includes impacts to the rivers water quality and quantity.
Despite impacts to natural resources along the RGRB, border security continues to
expand, and the money that supports it continues to flow.
The presence of military campaigns seen along the URB and RGRB would not be
so successful without the funding provided by government officials, specifically the
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government of the United States. As populations of migrants from Mexico and Central
America continue to make their way into the United States in search of refuge, the United
States persistently responds by funding further expansion of border security infrastructure
along the international borders within the URB and RGRB. The graph in figure 6 reflects
the U.S. Border Patrol budget from 2015 – 2019, showing the billions of dollars allocated
towards border security annually by the Unites States. This graph also includes the

Figure 6
U.S. Border Patrol Budget

Note. This column chart shows the amount allocated by the United States for border
security from 2015 - 2019. Data also includes money given to Mexico and Guatemala to
enforce their border security.
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budget allocated under the Mérida Initiative to develop Mexico’s border security along its
southern boundary. Both budgets can be seen increasing each year, resulting in large
amounts of money being used to intensify border security leading to further damage of
natural resources along URB and RGRB.
The association of increased militarization and impacts to natural resources along
the URB and RGRB have been identified and compared in this section. As the Treadmill
of Destruction theorizes, military development in these two basins has led to
environmental degradation and compromised natural resources. The comparison of the
militaries influence on natural resources included discussion of the direct and indirect
impacts to natural resources that resulted from the different methods of destruction
utilized by each military campaign. Evidence of impacts to natural resources was
supported through review of the annual budget allocated by the United States to enhance
border security along the U.S. – Mexico border and the Mexico-Guatemala border. This
provided a visual of the large amount of funding that could be used to mitigate existing
impacts on natural resources, and plan for climate change adaptation to prevent their
further decline. Impacts to natural resources and increases in border security both
influence issues involving migration. The next section examines the Push-Pull factors of
migration within the context of climate change that influence migration of populations
from Mexico and Guatemala. This evaluation includes recognition of how impacted
natural resource influence migration, and how issues involving increased migration
negatively impact natural resources.
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4.3 THE PUSH-PULL FACTORS OF CLIMATE CHANGE

The implications of climate change are impacting the world at different rates, and
in turn eliciting different responses. In certain countries like the U.S., issues related to
climate change are entangled in already struggling ecosystems. This allows room for
dismissal of the concept and focus on other more seemingly pressing issues, like
immigration. Other countries are not as fortunate, especially those in costal geographic
locations who are experiencing the worst repercussions of global warming and struggling
to find adequate support. Recurring drought, excessive rainfall and serious flooding affect
these rural communities, and their abilities to make ends meet. Agricultural and industrial
development in these regions contributes greatly to the global economy and the economic
status of each neighboring nation along the URB. As recognized in the Theory of
Migration, factors exist that contribute to populations being pushed out of their place of
origin, and pulled into finding another home. This section evaluates the Push-Pull factors
of climate change that influence migration of populations from Guatemala and Mexico
into the United States.
Refugees from Guatemala and other Latin American countries are forced to paint
a picture for the rest of the world of how climate change will shape migration patterns. In
2020, over 4.5 million citizens were displaced by a disaster in the Latin American and
Caribbean region (Miller and Akkerman, 2021). The evaluation of the Push-Pull factors
of climate change was performed to determine how impacts to natural resources influence
migration of Guatemalan and Mexican polulations. Climate related impacts for
populations in Mexico mainly affect those in the southern portion of the country.
Northern Mexico has seen steady increases in temperature and miminal changes in
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precipitation compared to the souther neotropic region of the country which has
experienced severe drought and catastrophic rain events (Cuervo-Robaya et al., 2020).
Table 4 notes the environmental, social, and political factors associated with climate
change that are influencing migration from Mexico and Guatemala into the U.S.. The
environmental impacts caused by climate change in Mexico and Guatemala affect social
factors of these populations, and in turn result in political unrest.

Table 4
The Push-Pull Factors of Climate Change Influencing Migration

Climate change is a phenomenon which amplifies pre-existing social, economic,
environmental, and political vulnerabilities (Gonzalez, 2020). The environmetal push
factors related to climate change influencing migration from Mexico and Guatemala into
the U.S. include drought, flooding, high temperatures, and increased intensity and
occurance of natural disasters. These environmental factors in turn affect the social
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factors that influence migration including food insecurity, crop failure, poverty and loss
of livestock. The frontier dynamics established overtime along these borderlands leave
populations greatly depending on the agricultural success of the region for job security.
As crops and agriculture fails, populations are left in difficult situations and forced to find
another place of residence. Instability of the social factors that influence migration leads
to the existing political factors driving populations from their homes. This includes
violence, lack of economic oppurtunity, and lack of effective climate change adaptation
and mitigation measures. The pull factors attracting these populations into the United
States include stability of these environmental, social, and political factors. Struggling
populations in Mexico and Guatemala that have been displaced due to climate related
disasters hope to find improved environmental conditions with minimal natural disasters
that leads to food insecurity and poverty in their place of origin. These populations
migrate to the United States in the hopes of improved living conditions, economic
oppurtunity, and political stabilty with social peace.
The influence that climage change has on increased migration is undeniable and
leads to environmental factors that push populations from their homes. Increases in
immigrant numbers arriving at the U.S. - Mexico border has historically led to increases
in border security as the political focus of these borderlands is the formation of an
impermeable border which is selective in who is allowed to cross it. Natural disasters and
other devastating environmental conditions attributed to climate change are occurring
more frequently and at an increased severity. Climate scientists predict that by 2070, one
to three billion people will be living outside climate conditions that have sustained human
life for thousands of years (Miller and Akkerman, 2021). If this is true, proper climate
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action is needed, including acknowledgement of migration as a form of climate
adaptation. Lack of this recognition will lead to further impacts to natural resources
caused by increases in militarization of borders within the URB and RGRB. Figure seven
shows the populations of Mexico and Guatemala that have been impacted by climate
related disasters since the beginning of this century. These graphs were made looking
only at populations affected by natural disasters attributed to climate change including
storms, flooding, drought, and extreme temperatures. By looking at graphs A and B
within figure seven, you can see the millions of populations from Mexico and Guatemala

Figure 7
Populations Affected by Climate Related Disasters

Note. Two charts showing the population from Mexico (A) and Guatemala (B) affected
by climate related disasters from 2001 – 2020.

affected by climate related disasters. Graph A which shows data on Mexico’s population
indicates climate related impacts affected the country greatly from 2005 – 2011. The data
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on Guatemala’s population (B) shows different results with climate related disasters
affecting the country’s populations in greater numbers from 2009 – 2020. If the
implications of climate change continue to exacerbate existing impacts on natural
resources as they are projected to, displacement of populations will continue to increase.
This thesis acknowledges the cycle of impacts to natural resources that exists along the
borderlands of the URB and RGRB.
4.4 CYCLE OF IMPACTS TO NATURAL RESOURCES
The previous sections of this chapter compared the impacts on natural resources
of the URB and RGRB, and evaluated their association with conservation efforts,
militarization, and migration in both basins. They included discussion of the emergence
of eco-frontiers along both basins in response to these impacts, reviewed the treadmill of
destruction that has affected the environment along each basin, and recognized that
impacted natural resources and the implications of climate change are driving migration
of populations from Guatemala and Mexico into the United States. Figure eight contains
the same graphic used to model the objective and research path of this thesis with
modifications showing the cycle of impacts to natural resources that is recognizable
within URB and RGRB.
The direction of the red arrows and placement of the + and – signs within this
model show that impacts to natural resources lead to increases and diminishment of the
social-political factors discussed in this thesis. The context within this thesis reveals the
cycle of impacts that exists within the URB and RGRB: impacts on natural resources
leads to increases in migration, in turn increasing militarization of each region, resulting
in the diminishment of conservation efforts and additional impacts on natural resources.
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Using the eco-frontier paradigm, generations of conservation efforts that have emerged
along the URB and RGRB in response to impacted natural resources were reviewed. As
the treadmill of destruction theorizes, expansion in militarization has contributed to
environmental destruction within the URB and RGRB. The impacts on natural resources
resulting from militarism is reflected in the budget allocated by the U.S. for border
security along its southern border, and Mexico’s as well. The environmental, social,

Figure 8
Cycle of Impacts On Natural Resources Within the URB and RGRB

and political factors influencing migration from Mexico and Guatemala into the U.S. were
discussed, many of which involve impacts to natural resources. This was supported through
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graphical comparison of the populations affected by climate related disasters during this
century in Mexico and Guatemala.
The social and political factors discussed within this thesis contribute to impacts
on natural resources directly, and indirectly through their association with each other. The
severity of these impacts within the URB and RGRB that occur due to this cycle depend
on the circumstances of the involved social-political factors. Increases or decreases in
militarism, migration, and conservation activity influence the health and protection of
natural resources. Evaluating these impacts within the context of climate change was
crucial as each social-political factor is affected by its implications. Extreme
temperatures, catastrophic weather events, reduced rainfall and other climate change
effects trigger this cycle through direct degradation of natural resources.
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CHAPTER V: CONCLUSION

The objective of this thesis was to compare the impacts on natural resources that
are caused by social-political factors along the Usumacinta River Basin and Rio Grande
River Basin within the context of climate change. Social-political factors including
conservation, militarization and migration were evaluated for their role in the occurrence
of these impacts along both basins. Through the triangulation of theory and analysis,
evidence of impacts to natural resources caused by these frontier dynamics was provided
for each basin and compared. The research in this thesis not only supports the hypothesis
that social-political factors lead to impacted natural resources along the URB and RGRB,
but it also identified the cycle of impacts on natural resources that exist in these regions.
This finding shows that impacts to natural resources contributes to increases in migration,
which leads to increases in border militarization and diminishment of conservation efforts,
further impacting natural resources.
This thesis contributes to the field of environmental sociology in multiple ways.
For one, it evaluates the complex interaction between humanity and nature along two
transboundary basins that include an international border boundary. This analysis was not
only performed for each basin but also included discussion of how they compare. Secondly,
this thesis incorporates more than one form of methodology, theology, and analysis to
defend its findings and pushes typical research boundaries. The third contribution was
critical to this thesis and included the explication of the eco-frontiers that have emerged
within the RGRB in response to environmental degradation and impacted natural
resources. This allowed for historical discussion of these impacts and how their occurrence
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compares since the international boundaries within each basin were established. The fourth
and final contribution of this thesis is the recognition of the cycle of impacts to natural
resources that exists within the URB and RGRB related to migration, militarism, and
conservation in each basin. This research provides evidence of the unique and sensitive
environment that exists along rivers that form international borders.
The limitation of this thesis includes the natural resources discussed, the period of
historical review covered, and the social-political factors selected for comparison. Impacts
to water and land resources were the main natural resources discussed in this thesis though
there are various in each basin experiencing impacts. Historical review of the impacts on
natural resources that has occurred along each basin began during the mid-19th century
when the international borders in both basins were established. This research did not
consider possible impacts to natural resources that occurred prior to each border’s
establishment. Though there are various social-political factors that contribute to impacts
on natural resources, this thesis focused specifically on conservation efforts, militarization
of the border, and migration. Discussion of other social-political factors vaguely occurred
and was not included in the comparison of each basin.
The qualitative research within this thesis provides the steppingstone for many
avenues of future work. Evaluation of how the emergence of eco-frontiers themselves
contribute to impacted natural resources along the URB and RBRG could be performed
using the research in this thesis as a basis. Quantitative evaluation of the impacted natural
resources along both basins can be performed, determining the level of vulnerability of
populations in Guatemala and Mexico. This thesis has reviewed impacts to natural
resources within the context of climate change and includes discussion of funds that are
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allocated to border security instead of climate mitigation and adaptation. Future work can
evaluate the climate finance budget set aside by the United States and assess how these
funds are helping fight the climate crisis.
International borders world-wide consist of boundary’s that are established by
rivers. These transboundary basins are at high risk of exploitation and impacts to its natural
resources due to social-political factors. With the implications of climate change projected
to increase, evaluation of impacted natural resources is critical as the biodiversity and
human populations in these regions rely on them for survival. Our world is continuously
changing, and it is the responsibility of society to protect and rehabilitate the environment
and the natural resources that have supported human life for generations.
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